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Abstract 
The idea of watershed modeling is embedded in the interrelationships of geospatial and hydro-meteorological data and represented 
by mathematical abstractions. The behavior of each process is controlled by its attributes as well as by its interaction with other 
processes active in the catchment. Sensitivity analysis is an integral part of model development and involves analytical examination 
of input parameters to aid in model validation and provide guidance for future research. The Soil Water Assessment Tool (SWAT) 
model is utilized in the study for the simulation of the daily streamflow. Sensitivities of 21 input parameters have been analyzed 
using the SUFI-2 algorithm in SWAT Calibration Uncertainties Program (SWAT_CUP). For Langat River Basin, five SWAT input 
parameters show the most sensitive for both of the local and global sensitivity procedures, including of CN2.mgt, GW_Delay.gw, 
SLOPE.hru, SOL_AWC.sol and SOL_K.sol.  
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1. Introduction 
SWAT watershed model is a continuous-time, spatially distributed simulator developed to assist water resource 
managers in predicting impacts of land management practices on water, sediment and agricultural chemical yields [1]. 
The model has been successfully used by researchers around the world for watershed modeling and management of 
water resources in watersheds with various climate and terrain characteristics. A comprehensive review of SWAT 
model applications, calibration, and validation are given by many researchers [2],[3] &[4].   
SWAT- CUP is a SWAT Calibration Uncertainties Program, which is developed to analyze the prediction 
uncertainty of SWAT model calibration and validation results. The SWAT-CUP can integrate various 
calibration/uncertainty analysis procedures for SWAT in one user interface. It is a public domain program that links 
Sequential Uncertainty Fitting ver.2 (SUFI-2), Particle Swarm Optimization (PSO), Generalized Likelihood 
Uncertainty Estimation (GLUE), Parameter Solution (ParaSol), and Markov Chain Monte Carlo (MCMC) algorithms 
to SWAT model.  
The SWAT model has many input parameters to be calibrated on the streamflow, sediment and for other 
environmental purposes. About twelve most frequent input parameters used in the calibration process of surface runoff 
and baseflow was reported in the previous 64 selected SWAT watershed studies [4]. In the other study for calibrating 
streamflow alone, SWAT needs to consider about 26 related input parameters [5]. The study attempted to highlight 
the calibration and uncertainties processes of the SWAT model and focused on the sensitive SWAT input parameters 
of the Langat River Basin, Selangor. The second section gives some basic explanation of the SUFI-2 Algorithm. The 
third section explained in the study area. Then, the following section discussed on the model setup and simulation. 
The fifth section discusses on the sensitivity analysis output with focusing on the sensitive parameters on both global 
and local techniques. Finally, the paper concludes by identifying key issues and gives some directions for future 
research. 
2. Sequential Uncertainties Fitting Ver-2 (SUFI-2) Algorithm  
In SUFI-2, the degree to which all uncertainties are accounted for is quantified by a measure referred to as the P-
factor, which is the percentage of measured data bracketed by the 95% prediction uncertainty (95PPU). Another 
measure quantifying the strength of a calibration/uncertainty analysis is the R factor, which is the average thickness 
of the 95PPU band divided by the standard deviation of the measured data. SUFI-2 hence seeks to bracket most of the 
measured data with the smallest possible uncertainty band. The 95PPU is calculated at the 2.5% and 97.5% levels of 
the cumulative distribution of an output variable obtained through Latin hypercube sampling, disallowing 5% of the 
very bad simulations. Theoretically, the value of the P factor ranges between 0 and 100% while that of R-factor ranges 
between 0 and infinity. A P-factor of 1 and R-factor of zero is a simulation that exactly corresponds to the measured 
data.  
The sensitivity analysis of the Langat River Basin of the SWAT model input parameter utilized 21 number of 
SWAT input parameters. These parameters were selected from various references including by [4]-[9]. The analysis 
was including the global sensitivity analysis and local sensitivity analysis. In a global sensitivity analysis, parameter 
sensitivities are determined by calculating the following multiple regression systems, which regresses the Latin 
hypercube generated parameters against the objective function values.  
In SUFI-2, the assessment of the sensitive parameters is measured using the t-stat values where the values are more 
sensitive for a larger in absolute t-stat values. P-values are used to determine the significance of the sensitivity where 
the parameter becomes significance if the P-values is close to zero. The sensitivities given above are estimates of the 
average changes in the objective function resulting from changes in each parameter while all other parameters are 
changing. This gives relative sensitivities based on linear approximations and, hence, only provides partial information 
about the sensitivity of the objective function to model parameters. The local sensitivity analysis or one-at-a-time 
sensitivity shows the sensitivity of a variable to the changes in a parameter if all other parameters are kept constant at 
some value. 
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3. Study Area  
Langat River Basin occupies the south and south-eastern parts of Selangor and a small portion of Negeri Sembilan 
and Wilayah Persekutuan. The mainstream, Langat River stretches for 180 km and has a total catchment area of 2271 
km2. The major tributaries are the Semenyih River and Labu River. The average rainfall is about 2400 mm, and the 
highest months (April and November) show rainfall amount above 250 mm, while the lowest is in June, about the 
average of 100 mm. The study only focused on the upper part of Langat River Basin. The main streamflow station of 
the study area is located in Kajang town, in the District of Hulu Langat as shown in Figure 1. 
 
Fig. 1. Langat River Basin in the Hulu Langat District of the Selangor Map 
4. Model Setup and Simulation   
After The major geospatial input data includes Digital Elevation Model (DEM), soil data, land use and stream 
network layers. The daily weather variables used in this study are daily precipitation, minimum, and maximum air 
temperature for the period 1976 to 2006. A weather generator developed by Schuol and Abbaspour was used to fill 
the gaps due to missing data [10]. Daily river discharge values for Kajang streamflow station were obtained from the 
Department of Irrigation and Drainage (DID) Malaysia.  
 
Fig. 2. The boundary of the upper part of Langat River Basin 
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The sub-basin discretization only focused on the 331.36 km2 upper part of the Langat River Basin as in Figure 2. 
The watershed was divided into 17 sub-basins and 142 numbers of HRUs. After setting up the model, the default 
simulation of streamflow was conducted in the Langat River Basin for the calibration period and, after that, compared 
with the observed streamflow. About 17 years (1976 to 1992) of daily rainfall data was utilized in the calibration 
periods with the first four years used for the model warm-up. The sensitivity analysis of the study was based on this 
calibration periods. The SWAT-CUP enables sensitivity analysis, calibration, validation, and uncertainty analysis of 
SWAT models [11]. 
The optimization process that reflects the sensitivity of the 21 SWAT input parameters (Table 1) were conducted 
in two sets; local and global sensitivity. The processes of the local sensitivity analysis were only allowing a single 
change in the input parameters and other parameters be kept constant at some value. About 100 iterations were 
conducted for every change of the SWAT input parameters. On the global setting procedures, 2000 numbers of 
iterations were selected in gaining the most sensitive input parameters. The SWAT-CUP parallel processing 
technology was fastened the simulation processes by allowing eight parallels simulation processing at one time. 
SWAT-CUP parallel processing currently allows SUFI-2 to perform faster using Parallel Computing Technology. The 
technology is allowing eight parallels simulation processing at one time. In the study, it observed that only sixty 
minutes time was taken for 2000 simulations instead of eight hours in a normal single processing procedure.  
Table 1. Selected input parameter of SWAT model 
No. Input Parameter Description of Parameter Min and Max Range 
 1 CN2.mgt SCS runoff curve number 35 - 98 
2 SURLAG.bsn Surface runoff lag time (days) 0.05 - 24 
3 OV_N.hru Manning's "n" value for overland flow 0.01 - 30 
4 SL_SUBBSN.hru Average slope length (m) 10-150 
5 HRU_SLP.hru Average slope steepness (fraction) 0-1 
6 EPCO.bsn Soil evaporation compensation factor 0 - 1 
7 ESCO.bsn Plant uptake compensation factor 0 - 1 
8 CH_K2.rte Effective hydraulic conductivity in main channel alluvium (mm/hr) 0.025 to 250 
9 ALPHA_BF.gw Baseflow alpha factor (days) 0 - 1 
10 GW_REVAP.gw Groundwater "revap" coefficient 0.02 -0.2 
11 GW_DELAY.gw Groundwater delay (days) 0 - 500 
12 GW_QMN.gw Threshold depth of water in the shallow aquifer  required for return flow to occur (mm) 0 - 5000 
13 REVAP_MN.gw 
Threshold depth of water in the shallow aquifer             
for "revap" to occur (mm) 
0 - 500 
14 RCHARG_DP.gw Deep aquifer percolation fraction 0 - 1 
15 SOL_AWC.sol 
Available water capacity of the soil layer                    
(mm H2O /mm soil) 
0 - 1 
16 SOL_BD.sol 
Moist bulk density                                                   
(g/cm3 @ Mg/m3) 
0.9 to 2.5 
17 SOL_Z.sol Depth from soil surface to bottom of layer (mm) 0 to 3500  
18 SOL_K.sol Saturated hydraulic conductivity(mm/hour) 0 to 2000  
19 SOL_CBN.sol Organic carbon content 0.5 to 10 
20 SOL_ALB.sol Moist soil albedo (fraction) 0 to 0.25 
21 USLE_K.sol USLE equation soil erodibility (K) factor 0 to 0.65 
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 5. Sensitivity Analysis   
Overall comparison results between the local and global sensitivity were shown in Table 2 and Figure 3. The local 
sensitivity demonstrates the sensitivity of a variable to the changes in a parameter if all other parameters are kept 
constant at some value. For the one-at-a-time sensitivity analysis, the SCS runoff curve number (CN2) was found to 
be among the most sensitive parameters for a Langat River Basin. The finding was observed agreed to a first input 
parameter need to be adjusted using SWAT manual calibration flowchart as conducted by previous researchers [4]. 
Parameters like a groundwater delay (GW_Delay) and base flow alpha factor (ALPHA_BF) showed higher sensitivity 
as well. The effective hydraulic conductivity in main channel alluvium (CH-K2.rte) was evaluated to be the most 
sensitive input parameter using the local sensitivity methods.          
Table 2. Summary of Sensitivity Analysis on the 21 Input Parameter  
No. SWAT Input Parameter 
Local Sensitivity  Global Sensitivity 
t-stat P-value Ranking t-stat P-value Ranking 
1 CH-K2.rte -17.3467 0.0000 1 -0.612 0.540 17 
2 GW_DELAY.gw 9.2772 0.0000 2 -1.774 0.076 10 
3 CN2.mgt -7.8640 0.0000 3 -3.475 0.001 8 
4 Alpha_BF.gw 4.8934 0.0015 4 -0.138 0.890 21 
5 SOL_AWC.sol 4.4225 0.0220 5 15.082 0.000 2 
6 SLOPE.hru -4.2529 0.0028 6 -8.406 0.000 6 
7 ESCO.bsn 3.4528 0.0072 7 1.229 0.219 14 
8 EPCO.bsn 3.3454 0.0078 8 1.238 0.216 13 
9 SOL_K.sol -2.9606 0.0181 9 -7.268 0.000 7 
10 GW_REVAP.gw -2.7017 0.0270 10 0.502 0.615 18 
11 OV_N.hru -2.6864 0.0277 11 13.713 0.000 3 
12 USLE_K.sol 2.6817 0.0276 12 0.308 0.758 20 
13 SURLAG.bsn -2.5119 0.0363 13 0.747 0.455 16 
14 RCHARG_DP.gw 2.4832 0.0464 14 11.947 0.000 4 
15 REVAPMN.gw 2.2532 0.0576 15 0.411 0.681 19 
16 SLSUBBSN.hru 2.1469 0.0640 16 10.837 0.000 5 
17 SOL_ALB.sol -1.2484 0.1460 17 -1.21 0.226 15 
18 SOL_Z.sol 0.9189 0.3850 18 2.076 0.038 9 
19 SOL_CBN.sol -0.8650 0.4084 19 1.565 0.118 11 
20 SOL_BD.sol -0.7482 0.4758 20 -35.321 0.000 1 
21 GW_QMN.gw 0.0000 1.0000 21 1.421 0.156 12 
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A graph comparison of input parameters on a one-at-a-time sensitivity analysis showed as in Figure 3. The t-stat 
value of the CH-K2.rte was recorded at 17.35, and almost ten times higher compared to most of the parameters.  
SOL_AWC.sol and SOL_K.sol were the most sensitives of soil input parameters, and the inputs were ranked as No 5 
and No 9, respectively in the whole comparison of the local sensitivity.  
The output of the assessment of the global sensitivity procedure shows that about seven parameters are considered 
sensitive in the study area. The input as highlighted in Table 2 included the SOL_BD.sol, SOL-AWC.sol, OV_N.hru, 
Rchrg_dp.gw, SL_SUBBSN.hru, SLOPE..hru and SOL_K.sol factor. The factor of SOL_BD.sol, SOL-AWC.sol and 
Manning's "n" value for overland flow were assessed to be the top three input parameters in the study area. The t-stat 
value of SOL_BD.sol and SOL-AWC.sol factors were two times compared to SOL_K.sol factor. The finding again 
proved that the available water capacity of the soil layer is a dominant factor and seen to be more critical in the long 
terms continuous watershed model compared to SOL_K.sol factor. 
 
Fig. 3. Comparison of the Local and Global Sensitivity Analysis Setting of the 21 Input Parameters  
The overall of results the local and global sensitivity techniques can be discussed in the few sets, with the 
assumption of a good sensitive input parameter if their ranking falls between Rank 1 to Rank 10, and the higher rank 
reflects the insensitive parameters. Five parameters show the most stable and sensitive for the both methods, inclusive 
of CN2.mgt, GW_Delay.gw, SLOPE.hru, SOL_AWC.sol and SOL_K.sol. There are two parameters only sensitive in 
one technique. CH-K2.rte is the most sensitive parameter in local method but ranking as No 17 in global sensitivity 
technique. SOL_BD.sol was the highest rank in global sensitivity but Rank 20 in local sensitivity analysis. Other 
parameters were observed well in local sensitivity but insensitive in global sensitivity analysis. The input including 
the ESCO.bsn, EPCO.bsn, GW_Revap.gw. Other sets were well sensitive in global methods but poor in the local 
analysis. These inputs are OV-N.hru, Rcharge_DP.gw, SLSUBBSN.hru and SOL_z.sol. Finally, the other six input 
parameters were not sensitive even using both of the techniques; SURLAG.bsn, GW_QMN.gw, REVAPMN.gw, 
SOL-Cbn.sol, SOL_ALB.sol and USLE_K.sol. 
6.  Conclusion 
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The SWAT-CUP programs were proven good in conducting the sensitivity analysis in the study area. The SWAT-
CUP parallel processing technology was fastened the simulation processes by allowing eight parallels simulation 
processing at one time. For Langat River Basin, CN2.mgt, GW_Delay.gw, SLOPE.hru, SOL_AWC.sol and 
SOL_K.sol. were evaluated to be the most sensitive input parameters. All these sensitive input parameters have been 
considered during the calibration and validation processes of the watershed modeling before the model is ready for 
any scenario study. These parameters are also recommended to utilize for the similar spatial pattern of other tropical 
watersheds. 
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